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ABSTRACT

An enportant goal of ths Contract researci s t examine the aoatomical and functienal
conscguenves o patterned electrical sinmulatgon delivered by a cochiear :mplant o the deatened
e elopree audiorsy svstem. This Quarterhs Progress Repori nresents o revisw puper

sUMMariZng our reeeat experimenial findings and discussing ther releyvanee o the clnical

applcation of pediare cochlear noplants. st we compare the etficaes ol ditlerent stimulation
modes and sipnal< i mducing neuroirophic effvets on cochlear spicat ganghor nenrens 150 in
experimental animals that are deatened neenatal v, Pata suggest thuts 1Ty intracechlen bipelar
stimidition results 1 greater mereases e SO sl than does exiracochlear monapalar
stmudaton: 2 higher tregueney. wmporally challenging stimulation 15 more erfective than Tovs
frogueney 130 PPS) stenals i nduciog nesrotrephic etfects 3 duration of stmulation plavs an
imporian: rele mothe estent of newrotrophic elleer seen: <y mplant imsertion srauma otlsets he
nerrotronhie effeets ot stimulation and resuits in regionat SGoeell Toss that 1s prooortionate o the
degree o damage. Results trom studies of the cochivar nucleus (ONY i these animials show
prototind eifects of neonatal hearing boss on the volume of the ON (2000 decreeset and on the
cross-sactil arca ot arge spherical ceils mthe rostral AVOND Chronie elecineal stimualation

did not provert or res erse this shrokage 10 ON volume. However, sphienical vecl areas showed o

maondest but signiticant ditterence, with the sumuiated CN ceils showving aomean cell arca (74" ol
nermel F Loreer dhan dhat obseesed on the urstmulated stde (H8" o).
The tfunctionu] consequences of smulatien have been exanuned i clectraphvaologicy

recording expeninenls conducied mthe interior colheulus (10 Results demonstrate that the

arderly cochlentopic vrganization ot the centeal nucleus of the 1C dev elops nommally i neonataliyv
deatened culs and s anultered by the luck of nomnal acoustic mpu duning development

However, chronic electrival sumulation of a4 single bipolar or monopolar chaneel ol a cochlear
iplant m taese neondlally deatened aomads mduces: 1 semiticant expansion of the contr
representatien ot the stimulazed cochlear secior and degradation ot the cochleolopic orgsnization
of e 10, decreasimy s raguenes resolution: 20 g significant incredse i the temporal resolution
of JC newrons. Frinalls Csome ot the maphications ot these results with reeard t deselonmental

plasticity . criteal periods and the clinca: applicaton of pediatric cocilear implants are discussed.
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LONG-TERM EFFECTS OF DEAFNESS AND CHRONIC FLECTRICAL
STIMULATION OF THE COCHLEA

Introduction
With tae number el vers voung children now recenang cochlear implines, we beles o
s impertnt o determing the conseguiences of implantation and stimulaton with the highls

Abnormai mpuat dedis ered by a cochlear inplant upen the dealened. developirg awditory svswem.

There hive been tes anatenmical snd phivsiological studies of the consequences of chronie clectrical

st atien. snd most ol these studies have been conducted inadult animals, Published repomeon
the anatenucal eilects of cocllcar implaniatan have focused primarn ]y on issues of satery and
damage tsoe Feake et al, T tor review h More recent work tronm several Tuboratories, o ever,
hoes tdicsed that elecieal stimulation ot the cochlea can partially present the aeeeneyation of the
spival panghion neurons which otheraise oveurs afler deattess tLoustenu, 1985 Leake el al. 1991
Luake eral 1992 Hoartshors ov s, 1991 Miuller ecall, 1996 Cur stwdies has e been conducied i
cats that are neanatally dealened by adminstratnon ot the ototexic drug. neomsein sultaie (ol

ma ke EMmjected dasly tee the fiest 1610 21 davs atter birth, Sinoe Kitlens are borm deaf. thes.
animais s e no cormal auditors experieoce and are profoundly dest by the ape sehen adull Tike
hecaring sensitvits would nommalis develop oie Caboue 24 days sostnataby. thus made ing congenttal
ar warly -aeguired profound boanng toss cleake cralo 1997, The deatencd animals are implanied
urtlateralls at the tme of wedming, and te cectnical signals delivered by the implan: provide the

niti and sole mput o the developing auditory svstem. In this chaplers swee sall sunrmariae resules

ot rescarch on the niorphaloeicas and physiologeal corsequences ol chirone lectrieal stimucaton
o1 these neonatally deatened ammads mud discoss some of the implicanons relevant W pedlaime

cuchlvar implanis.

Morphological Effects of Chronic Electrical Stimulation
Newrarrophic effects on cochfear spival ganglion neirons,

ir kitens that are neenataliy dealenad by olotoae drug admnmstration:, the cochibear

patho:oey and degeneration ol spiral ganglion neurons are progressive over tme. Although there 1s
substantial vanation amerg animals i the extenn ef ototoxie drug damage. the cochlear pathelogs

1sovery svannetrical betw een the two ears ot cach individual tLeake eral 1981 199201995 This

provides an oxcellent model tor studying the ettects of unnlaeral implantac:on and shimulatuor.
using paired comparisons wnh the contrakuteral cochlea ot eacly antmal serving as s cw o contral.

Flearmyg losses are assessed by auditory brainstem response (ABR ) testing at the end vy
ototexie drag rreatment and again al the me ot implantation. All subjects included 1w these siudies
lave protound hearing losses. with no ARR response ta elicks and no tregueney tollowing response
o A00 He tones wt 1D dB peak SPLL Bipolar scala tvmpani electrodes are implanted vreilaterally in
the deatened animals at e ume of weaning, at aboul 6-K weeks ofages Inmetal chrome

sursiation studies, the elecirmcal stonuals were simple. charpe-balaneed pulses (200 wsee phise
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deln ered continuous!y at a rate of 30 pps. Stmulus mtensiy was set at eiiher 2 or 6 dl3 abon e

mdividuas EABR threscoldl and amaals recerved stmualation for 4 howrs per des, 3 davs a wees
enar periads rangomg Trom E3-23 weeks nean duration = 157 weeks). Paired comparisons

berw con the stimulated cars and the contralateral deatoned cochicas demonstraced hisher spiral
ganghion cell density an the soimtlased siderLeake eval, 9179200 with o mean overall fnerease of
abaut 12" ot normal densits that was highly signilicons i a group of 9 animals (Frgure Tay,

Nince electrical stimulatios can help maintan the auditory aeurons, i has been
sugeested that @t might be advantageous w implant a less invasive, ball-tvpe round window
clectrude and tse monopoluar stimulation in a voung deat ehild o maimtnm the auditory sostens Tor
later tmplantation of a melinehannel cochicar implant. This would lesson some of the nrobicens
encotsitered with smplanimg very voung cheldren. such as mereased meidence ot device breakape
Cone o fallss ereopand difteuines mappropriately adjesting processors, I additon. the effects af
e broadd band stimulation delivered by this tvpe ot clectrode are o inleres: frort the standpoint ot
cidersiandinge the limits of developniental plusticiy in the auditory syatem, sinee research on oter
WSOy Sy stens s shown that such widely distnbuted synelronized activity can exert o poweriul
orgarcZing mitluence i the devetopimg ner ous system (See Decossien. To address these
guestions divectv, the consequences o stumulation with a menopolar rownd wimdow elecirode were
examued tnoseparate experiments {1 cane et al, 19930 Neonalully deafoned kittens were innlanted
al A-Xoweens of aee with electredes posittoned on or just inside the rownd s mdony and agair were
stimulated with churge-haianced pulses 230 pps 4 hours @ day: 5 davs perweeki Tor 12-28 weeks
pear duraion = 22 weeks) As suggesied b van den Hlonert and Stvpulkowsx (1987 mnd us
demumsirired e final electrophyaiological experiments i ese ammals, such electrodes actis ate
nerons with @ very hroad disinbunon (wide range of frequenciesi in the auditory nerve array al the
current lexels cimploved tor chronic stimalation (6 dB above FABR thireshoidy, Given this broad
activation ot the nerve, and because sumulanon was mitated ata vounget aue and there wis no
damage ront imsertion ot a long scala tvmpani electrade, we hyvpothesteed that U "protectinve
oftect” of eoectmeal simualation im preventing ganglion degeneration would be swamissd Insiead.
as Llustrned i Frzare Th o sweh moere modest falthough snll signiticant: #2000 Studens s padr
testlinereasy o spiral ganglion density, oniv about 6% overall was abserved i this group ( Leake
Sloll THIAD

Thes extracochlear stady and the carlier intracochlesr experniments were conducted using
simple 3 pps pulse trains for chironie stumulation. Recent]y. additional experiments have beer
civtducted wsing selected ngher treguency stgnals, including: ) 8O pos unmodulated palse trns,

o stimulation deliverad by a sigle channet processor transducing enviromzental sounds into are

clecimeal amdogue stgnal or oy 300 pps pulse wams that were sinusoidally ampliade modulated
fmodduzlaniens depths TOO" 2y a1 50 Hoero Sparal ganglion density daca from this aroup show ed more
pranounced traphic efteets on neural suesival. Mean inereases of more than 33% were seen i

some cochlear regzons, and an overall imerease of more than 2% of the normal celt densine was

-

cas above that m the control deafened cochleas (Fig. Le: Fig, 27,
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L these recent experiznents, chronie elecreical stimutlatran was apphed at relanvely Tow

current levels, seran qust 2 dB abese the evoked response threshold as determinea tor cach

individual sunject. When final clectrophy sivlogy experiments were conducted in these wimals,
dala suygest that the chrontcal v apphed stimuli exate fibers overaomore amited disurbution within
the cachlear than that over which winglion cell conservation was seen. For example, activiion ol
aivon Bipoles clectrode pair at 2 dl above EABR thresheld mught be estumated o excne about one-
toird of e awditore nerve acray, wisle chrorue stulatior an thal Tevel mr the same cat resuited
spnilesst ganelion cell conseryation throughout the estire cochlea. Furthermaere the extent of
mamtanance ot spiral ganglhien cells was not altered sipmteanty by reducmz the chrome

wrrgation level ftrom o di o 2 dB re: FABR threshold ileake et al. 1992y and s discussed

presiowsve mannienaree was actually decreased with extravochlear simulanon which acinvates o
very broad disimbution of audiory neurons. These observanons sugzes: that divces aerivazion of
sprvaf weonclio celfs vy et e the divecr tor odvs cause of gungdion coll masienance, X
nwmnber al different mechanisims nwst be considered as possible conerbulors w this etfect. such as
reiexive vasenlar changes teow mcdiaied by sympathetie maenatior ), chronie achvations ol the
clferent svstan, uprezalation of necrotrephic agents. sebthreshold trophic inTuences of clecirical
fields. cte. T is important o resoive these questions because understanding of the divect causeisi ol
spiral ganglion maintenanee with almaest cortaimiy prosvide msights st how stmulatim wath o

pracical device i s oung child mught result moptmum prescrvation of the auditory systam.

Coclilear implant inserfion trami,

An additional important resudr from these morphologicai studics 15 the consistent tinding
tha inscrtion traama inéuced by implantation of intracochlear electrodes, even shight damage 1o the
asseodls spital fanuina or hasilar membrane, markedly decreases ganglion cell survival. The up ol
our vt electrade frequentdy caused Tnsertion raumea in the cochlear regron H0-50% Trom the base o

muostof the tmplanted cochileas in these studies. The wrophic effects of stimulation :n mamtaining

hrgher newral survival were Lirgely offset by the effects of the mechanical ruuma i s cochlear
region {see Figures laand ¢ Morcover, the degree of damage caused by the implanted clecirode
was ciearh related w0y the extent of ganglion cell less seen in biswological sectuons thirure 4.

Recen: stwdies c<ing adsanced imaving wohnsgnes Csabnlimeter computesized tamoeraphs 1m
i Ling I Lraphy

hunan voechlear implant subiects noave demonstrated great iniersubicet variation :n e intracochlear
positoning of implanted electeodes. and a nighneidence tabout one-third ina group of Al subjects)
ot insertons that would produce mechanieal rauma, meluding array compression, tsisting and
intrasealior excursions ol electrodes K etlen ot al 1995 Clearly, improved intracochlear
clectrodes thal minamize the likelihood of such mispositonng, and the travma and resubiing spiral

wanglion cell s, should be a prioresin he desien of tulure generations of vochlear miplhiens,
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Effecrs of Deafiress and Clronic Flectrical Stinelation on the Coclilear Nucleuys
Histolegical studics ot the cochlear naciear comples ot these neonatalls deatened cas have
demuonsirated protound depererative changes that are progressive for many months atter deatening

el lilterants ot alo 1990 T ustig et al 199450 A compared © data o normal adal cats the

cochlear nueler 1ON] of deat animals show: 1 sigribicant shrinkase i the total volime of the €N
as compared o normal adultss 10 astriking redaction i the density inumber o7 cells unit ey af

spherival cells witkan the rostral anteroventral cochlear nueleus {AVONE and ma siozificen:

reduvtion mthe mean cross-sectional area of large spherical cells inthe rostral AVOND These
resulls are comsisient with mans prey ogs studies showing that neonatal sound deprivaton or
deatenmye canses protound ady erse degenerative changes o the cochlear nueici tColenan and

O Commuor, (07% Colemao et al o T982 Fvans etal . 1983 Trome, 19827 Websior, [Y88 Wohster
and Woebsrer 19770 19749) Comparsons between the stmulated and contro. CN o the
sntracochoear. M pps stmiulaton group show no significant ditterences in cither nuciear solune or
soherical cell density atter chronie stimualation. Huowever, tor the tinad histologicat measure, cross
sectional rea ot the large spherical cells in the rostral AVOND @ modest but siemificant diticrence
is demonstiated, with cells inthe sthmalated UN measuring &y wrger than cells i the contralateral
deatened ON L asug, Py Tooerestingh virtual Iy sdenmeal resclis were seon intwe ON atter
temporally challenging sumulation, As compared with data trom normal aduls cols these deaf
animzls show marked shrzkeee i ON volume (about 200000 but ne difference betsween stivimatad

and control sides Figere 5100 Agamn a signiicant bul modest 6% s increase in sphecieal coell areq s

imduced by chrome stmulanion (figare 3y in these animals with =209, of normal mereases in spera
wanglion cell densicy,

It s unclear why clectrical sumulation s relativety mefteciive m prevenuing or reversing
the pronounced morphological changes in the CN atler deathess. even though those same ummuals
shoa marked mereases tnspiral ganglion surveval indaced by mtracochlear electnical sumulation.
One possibic oxplanation may he i the delay between deafening and nuplantation in these amimals,
Onotos e drugs are admnnstered neonatally, during the early perad of rapid growth of the ONL b
clectmical stimulation is initated atter weanng. at abont 8 weeks ot ape. 1t 1s possible thar the
cloect-ical stimulation 1 these ammals was wo Jate i development w prevent the protound
conscguenees of ary deathess, [ewill be extremely interesting to see iF CN stimulatiin-induced
chianges are greater 10 te recent high trequeney sumulation gooup s here seeh marked ditferences
tn spirsl ganghon dansine are observed Matsoshimge el al (19915 conducted g simidar study of 4
animals that were deatened at 1 month of age trather than neonatallvi. They reporied more
pronoteed eltects ol ehiromie electmcal stumuolahion on bath cell size anc cell densis i the O
The ditference i results between these tne otherwise stmilar studies suggests that the age al time
of deatening nav be o critical parameter in determening whether the ©ON 55 sensitive o simulation-

induced "protecive” ethocts,

10




Quarterly Progress Report
Contract #NO1-DC-7-2105

Protective Eftects of Blecirical Stimulation

VOLUME OF COCHLEAR NUCLEUS
0

| I

Hecnalally Deafened
Stimulated Unstimu-aled

ry
ik
+

Volume {mmdy
=

AN

Marrral

CROSS-SECTIONAL SPHERICAL CELL AREA

Moz

]

o
n
=

Area (mm?)
— x Al
$ Bk

o 2 E &

-

NN

HNecnalally Ceafemned
SumLlated Linstirulalsd
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e mean cotal volunw o the cocinear nucleus was markedlv redueed in che
Faneitatalin Joalened annmnmals, bure there was nas ?‘:l?_,[‘llllk-.'l['lt difference betweer
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Quarterly Progress Report
Cantracl #NOI-DC-7-2105
Proiective bEffects uf Electrical Slimulation

Functional Consequences of Chronic Electrical Stimulation
Alfferations in Spatiaf Selectivity (Cochieoropic Ovganization) in the Auditory Midbrain

Acure clectropivsiolagical experiments have examined the topographic orwntizuton and
the temporal paterns of nedronal responses eveked by cochilear electrnical stimulation within the

auditeny midbrain i Snv daer et all T999E Snvder ¢ all 19910 Snvder et al 1995 Studies have been

conducted me i monnad T mimals thatw ere deatened maplanted as aduits and studied aouiehv 1
neotatal v dedtened. chronically implanted but unstimulated contralss and iy the 3 neonaraliy
deatened, chronical v stemulated 2roups iimtracochlear 30 ppss round soindesw monopalar 30 pps,
aia bl reguenes stomudation groups] deserihed abos oo Data from these stidies sugaoest that the

seloctviry of neural activity normally accounting tar the trequeney representation within the

principal midbrain gaditory nucleus, the cemral necleus of the intericr collicotus (107 develops
normally tor neariy sed m neotatally deatened cats it they are not chiromically stimatared, Taat is,
the aren within the 10 actuvaied v asimgee bipoelar electrode pair 1the spatial waning curve or ST,
measared 316 dB shave mmmum threshold) in neonatally deafened. onstimulated ammals s 08
aune This s adenaical w the value measured inmmormal™ adult deatened cats (STO width - (08 mim,
On the other hand. when these deal sl s are chronreally stimulated a2 voung age. cven at low
stimulus ntensines, spatiab selectivity 3 markedly altered. The centrul representation o cochlear
location is sienificantly expanded, The S 1TCs of chironically acuvated clectrodes, measured at 6 dB
above mnunzum threshold, are sbout 7.5 tmres Targer (ST wadtn 125 mmi than these of
dentical electrodes implaued meither control deal hiier mates, or o gcutely deatened Cnormial™s

aduils 1 Fraure 6.

SPATIAL REPRESENTATIONS
iN THE INFERIOR COLLICUL DS
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Our findimgs suggest that elecincal <umulanon usimg a single intravoeh

it 2ar bipolar pair
et resalt in significant distartion ot the cochleotopic ergamization ol the central aud:tor ssstem ot
Teass te the fevel of e mudbram oSnvder erale 19900 Teake and Snvder, 19947 Leake et al . 194951

This tvpe of tunctional change can be mmerpreted as retlecting Qe desclopmentul plasucine of the

aucitory system, The mnallv restneted arca excited by the stimuolated cochlear neurons expands
over e as the bram cdupts e and nugkes aplumom use of the only availuble impat. Howewver, such
Iassve exnpansion of the representatzon of one electrode pair, i reversible due w eritical period

limitations. would clearisy limet the possioiiities tor selective stimulamon later with muluple

clectrodes. This may be a potentiu probleis with anpiants inovoung children fnowhomy “nieg™ and
seting channe? loucness levels can be very difticult

Reswits for 10 data {ollow ine exiracochicar monopelar stimulation were similar w those
fromm the miracoechlear stalanon experueent, sgnn showmg marked!y expanded spatial
represertations (STC width = 1331 However, variability was much grewer in the exiracochlear

aroun. <apegcsing thal the tunchional conseguences of such stimudation may be Bioaly

unpredictabie. Nearly normal selectivity was scen in some anintals, imdicating thal turctiona
changes spparesithy do ot ahways cccur with this broad band stinuiatien. I contrast, striking
merdases m ST widths were observed inother animals, suggestimg that unmder cerlam conditions
extracochlear monopolar somulaten can induce profound and powentially Geleterious Sunctional
alterations 1 the central nervous system (Leake etal, 199350 Thiy Hinding of diswortion of spatial
representetions i the 10 and tie finding that extracochlear stimudation s less eitective than
itracochlear stimulation in prevenbng the degeneration of guditory neuarons both stromgly argue
grainst the cse ol suea stmhimon ora viang child tor the pupose of mamlaiming the suéitan
svstem for Later application of a multichamier cochlear imiplant. However, heciuse ol the great
variability i resulis with monopelar extracochlear saomulaton, these diata do not proside
compelhing evidence v resard o tre it hypothesis that this highly syvochromeed, electricul
activation o broadly distributed gudnory neurons would result i profound functional
reoraimieation isimilar. tor example. 1o the consequences of stroboscopic sliemination ettects e thye

Jdeveloping visual svstem: see Dhscussion).

Chranic Efecerical Stimulation Afters Temporal Response Properties of 1O Menrons

Additienal elecurophysiclogical studics in these neonatally deafened aonimials have

analveed remporal response propertios of single neurons i the 10 drisen by electneal sumuli, Date
has ¢ shewn that many winpora: lealures of 10 unil responses w electrical stmuli are verny similar 1o
Lthose seen with acouste stimulation. In “normal ™ cats that are dealened and implanted as adults.
atl mujor 1€ response tvpes can be identified. and first spike latencies as well us phase-locking
capacities appear rearly denticad o these vbserved with acoustic stimulatior. However,
gquantitatinee analvsis o response patierns [post-sinmulus tme histegrams i i neonataliv deatened
cals that were chronicallv sinnudated ol @ younyg age reveal severas stimulus-induced alterations 1n

temparal responses properties tdnvder etal, 1991 For example. in neurons of chroricallv
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stimuluted gurs the occurrence of cnhibitery and Lale responses s stenificantty moreazed. Further,
cleemdifterence among experimanlal gronps 5o sees i the temporal resolizion of TC nearans 112,
the ability o1 these newrons t tollew pulse tains of ereasing ratesy. Femporal reselubion ol
neurons m he centrab nueens of the [0 15 devreased by severe sensary deprivation duriag

deselopnwent atier neosal desfening. and i restored or increased by subsequent chronie eecirieul

stimulatien i Svader etal. TRSFL Quantiiatiy e anal vtz of frequency tansfer fanctions Zor all 1C
neuarons it adult deatened "normal™ vantrol annnals. shows an average axamunt following
frequeney of [04 pps (Frgure 7 black data bari. Neonatally geatened. anstimclared anmeals
demonsuate a devrease 1 he temporal resolution of I pearons with an aycriae maximuo ol 81
pps. I coniast, animals that are neonatally deatened and chromcally sumulated with fow
frequency biphasic dulse irns G0 ppsi. show g restoration or matntenanee ol ommal tenpora!
resolution with g mean masamam follow ing eeqiency of 107 pps (oot sieng feanty arfrerent from
cornule Finalis . esperimental animals that sre chromcaliy stimalated with higher tregueney.
temorally complos tand 10 seme anumais behaviorally relevany) stmeh demonsivate a pronouneed

e reise i temporal resolutomn wid a mean mas e fllowsansg frequency ol T2 pps.

TEMPORAL RESOLUTION IN THE INFERIOR COLLICULLIS
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ligure 7. The miean maadmam fellowicg recueney fur nearens i che interass collenhns
v adult decteaed Toermal™ cats CHH ppsd s coanprared o 3 groaps e neosatallv deatered
cats o Crstimulated, neonatally Jeafered vars stedied after prolenged seviods of deatress
shu 1 clear reductier i teogoral resoluthon gra mean value of S0 nppes D contrasy,
eccatally deatenes animads that were chrorecoilv stimulated ol 30 pps exalib i
Avaltheranee T Testoration of noerial emovral resoluties withoaomiear iaxion catord
regueng s o [0S pos, arnd cacs slimualated seith Righer trequency, temporally casllenging
sigmals shew o prorouneed incredse o fregueney follow ing capacits to 142 pps
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These results sugeest that the tempoeral resolutian of the central suditory system in deat anirals can
be protoundly aliered b eaparience with electrical stimualation. Further, the maenitude ot this
wtiect en emporal cesolution dipends wpon the specific teapral propertios of die clecotread sicnals
detivercd o the cocitbea, These frequency-dependent etfects ot chronie sumulation o inereasing
the capacity of midbram newrons 1o resolve relatively tast temporal events are potenially important
i anderstnding differences between the anditory performance of human cochlesr impiant subjects
ancd i understanding how subjects improve over ume. We livpothesize that this abalite o tallow
electoical pubse trains at lngher Feguencizs may relate to the suecess of modom OIS speceh
aroceszer designs whivh oeliee amphwde modutanon of hiph freaueney polse sams, Morcover, it
s pomsihle that the poerer speech recogniion perfornmnee i some patents may be related o en
mubility of the contral andiony svstem to cntrain o ugher regquencies (e.g., due e specitic

deatress pazhologiesi.

Discussion: Developmental Plasticity and Critical Periods
s unelear whatrele "wntwal penods” plav m the effects of stmualation scen noour
neonztallyv desfened cos. Tiere s considerable evidence from research in other sensore suslenis

that mpot cetiv ity especially synchrontzed activity, exerts a powerlul organizing influcoce on the

deselopmg nervous svstem. Tor examiple, the development of noomally refned conreenons in the
cistal svstem can be prevented by inroducg widels distnibiicd, syrehronoos inputs (o the reting,
and. T984 W ek und Kaie,

997y ar by stroboscopie U lumimation that results m nearly synchronous inputs fron both cves

either by electrical stimcztion of the optic aenve (strvker and Steick

PCremiens el s 19870 Frsele and Schidt, 19881 Moreover. as s polennally relevant for these
cochlear elecimca] sWTatan expeniments, segretation ob mputs from the tvo eves can be
shamoened oy exzeacrating the tempaoral decorrclation ot thesr mputs, for exampie by miroducing a
Prizm over one eva d Fumosa etalc 198 vam Slviters and Livit, 198G or by allernate monocutar
deprivatien THupel and Wiesel, 19650 Tumuosa ctal., 1980 Algman ot al.. 197 These resulis are
erpraied as retleeting the effects of competitive processes winch act wo seeregae difterent input
populations driven by uncorrelated inputs.

Alhough there g normal “erieal pertod' far these comedence-based developmental
eliccts i the sizual svstem. this peniod is extended substanually in animals that are depriv ed ot
normal sensory pats 1ege see Cynader and Mitchelll F980: Mower and Cristen, 1983) Onee
mputs e renereduced, o crical period tsomtiaeed and resolts i reorganization that stabilizes over
a period of © w8 weeks 0 amimal models. f de contrad auditery sustem i governed b sivilar
:."i-'l'{ﬁ"ufim:'.'n‘nf prcciranienmiy, then o ‘rJ{’.r:'uJ o clesire e irroad suipinfaion wWinh an FOTOHN cf.w'."h*j.z
s eadendod postuaial peviod B congenitall deat Ghild mighe be evpecied o generaie paraticd
rgaizaifonad clanges, s s e vishad syszeml tiis seintelalion mighi initiote Sre aner of u
delvnced orivioa! period wliich wonddd render siimiedus-indoced clhanges irveversihlo.

I well-wnovon that early saund exposure s tmpartant for development and maturstion of

e aoditors pathw s s o mananals aod that neonatal sound deprivanon results ioprotound adserse

1
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cttects vn the cenral auditery svstem (Eagermont and Back., 19860 Rubel etal. 1983 Rubel etal
LWk Rubens and Rapin, 195000 Atter neonatal deaferung or conductive hearing Toss, ammals

show pronounced atrophy ot the cells m the cocidear nucleus (CONTiCaleman and O Connor, 1974,
Coleman et al, 7987 Trunme, 2987 Webstor awd Webster, 1977, 19797 decrease 0 the volune of

the N Colemier et als TURZ Trune. 19820 Webster, 19881 phvsiological chanpes tean Fuans ¢l

al. TUNZ L avwel!l as transacurenal changes al higher levels of the auditory svstem (Ferg and
Rogowski 10 Jean-Baptist and Maorest 1975 Pawell and Frulkar, 19620 Other rescarch has

o nthat neonial cochlear lesions can resait in dramatic modificanon m the istomiier.

prodections trom the contralateral ON o the supernor olivary complex and nferor eolliculus

WV core and Kizes, 198350 Moore and Kowalehalk, T98%: Nardeen et al 1083 Maoore, Foud,
Russell and Muoore, 1995 Kitzes, 19901 Further, many studies sugpest that deprivation ater during
developiiert does not have the same profound mopact on the central auditory svstem (B Latchlew ot
sl CO830 Websier, 1983 Thus, auditory deprivation during early des elopnient cleasly prodices
protound changes. and there is evidence for the existence of entical penods.

However. these studies have been conducted o wide varety ol specios. and v many
ditferent imodels of deprivation acd deathess. Thus. the speetfic nature and tiniing of critical
periods and the role of carly auditery deprivaton for later structurdd and functional development
o the central auditory svstem as waould appiy either in g voung deat child or in our pediatric deat
animal model are currenihe coknowr, Our neonatally deatened kKintens are deafened over the
pertod when <ponlaneous aerivits would normally be developing i the auditory nerve and the
oruan of Coro and cochlear maervaton patterns are undergoing dramatic maturation § Walsh and
MoeGee, 86 Walsh and MeGiee "820 See Walsh and Romand, 1992 tor reviesw 1o Clearls . these
animals undergo ses ere auditory deprivaoon and have no normal auditory experivnee to drive the
deselopment of central patyways and processimg mechanisms. Howeser electricad somulation 1s
pot imitated untid kitteas are weaned db about & weeks postnatad, Critical and or sensitis ¢ periods
anormal auditery svstem development might be completed by this age. and whereas eritcal
periods in viswad! svstem des ciopsnent are delaved by bilateral deprivauon. such mechanizms have
nol wer heen detined mnaudiory svstem des elopiment. We do o knew for exaeple, whether the
capanded spatiab mepresemations tinercased STC widthsi in the [C of our neonataily deafened eats
redect actual anatomacal changes tn e connectional selecuviy of auditory pathwavs. noris ot
K whether ar nos these changes dre reversible. These are elearly unportant cuestions tor
future rescarch.

(nher laberatorios studving the ctlects ol electrical sumulation in adult deafened animals
has e reported conthivung resuliess Three studies 1y guinea pigs have suggasted that chrome elecireal
stimulanien can also induce proteetive effeets on spiral panglion neurons inanimals that hay e
matred normaliy und are dealened and simulbated as voung adulis {Lousteau, PIRT: Hartshom ot
al 199 T Niller and Adschuler, 1995 Miller et al, 1996). However, otiier investigators, melading
Shepherd who studied kimens Jdeatemed at [ month ot age rather than neonatally {Shepherd eal.,

Thadyand T et all whe studied guinea pigs (L Webster and Parkins, 1997 have teund ae

16




Quarterly Progress Report
Contract §NO1-03C-7-2105
Frotective Effects of Llectrical Stimulation

ciidenee ot a neuratrophic effect of elecirical simulation on spival ganglion cell suriva .
Moreover. funcuonal studies of the offects of chronic stimulation have not been reported i adali
deatened anenats Coven the paceny et data currendy avatlable, we behieve it is promature b éraw
Jotinite conclusions regarding the age-dependence of the vanous elfects of chronic elecurcal

SUTTILL ation.

Summary

fosumumary. aur tindings clearly demonstrate thas chronie electrical stmulation of the
cochlea resuds i sigatticant conservation of the spival ganglion neurons weieh otherwise
progressisely degenerate m neonatally dealvied ammals thar modet protound congeneal or easlv-
vt deatiess. Whtle 1mseems fikels that opumized stimulation by anomplant can result ia parallel
mnteranee a7 auditory neurons v a chuld with carlv-onser deathess. an understanding ol the
fundamental mechamsmis b underlving tins neural protection 1s eritdcal o maximizsng poienial
benelits, I additon, physiological studies havve showo that there may be potenual deleterions
Citects of chromie stimulatzon. as 10 can result 0 a substantaliv negative funetional remuodeling of
cachleatapic representations 11 the auditory brain stem. Thus. a pediatne cochivar prosthests mus:

b opmized o conserya aol only the spiral ganglion nearons, bal alse the topograshic and

el representiations which under.ie signal processing within the contrai auditory sysiem. 7
micdde and watiore ot the eleetvic ad siends ot are rrodfoced duaneede aar eapdaes L acoane deal
chidd showdd e carefudlv cousddered as the critioal ntial sepiit to a developing seasory svaen e

i cupahfo af sebsranind plasic vemodelmg,
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Hork planned for the next gudarter

(1 Dwo avate electrophysiolagy oxperiments are planned for the nestoquanter to study
chromically stmueated cats. These subjeets are necnatally dealened wnimals i GM runghoside
cxperiment it have recened stimulation alternating between 2 bipolar intracochlear channels on
the implant. using the mirginng” protocoel consisting ot weekly inerements i pulse AN tregiena
Hhan, 1 oweek ol stimulation at: TO0G pps: 300pps 200z AN 300pps 40 [z AM: SO0Opps 30 1{7
AN ther repeating the series.

2y Cochledr hostopathelogy studies will contimae with e evaluation of data trom 2
anintals i the OV ganglioside serres: [ oa control ammal sacrificed at the nme is Hitermates
underwent tmplant surgery and initiated ciironic stimulation: and 21 the first arimal inour -
clamnel stmuladen proup that completed the stomulation using the new “lraiming”™ protocel and
was stuchied oy ermmal electrophvsiology experiment. Tw o additional annmals mothe (v
series will continue chrome stimulanon throughout the next quarter in addition to the 2 thas il
be studied in terminal expenments,

31 several members of our vroup will attend ad present data an the 1994 Internanienas
C onrerenee on liplantable Anditory Prosthese @ be held at Asilomar Conterence Center in Pactic
Croves AL August 29 throwgh September 300 Dies, Leake and Snvder are invited speakers:

stephen Repschor. Charlotte Moore and Marcta Raggo wall nresenl posiers,
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